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ENGINE SOUND PROCESSING SYSTEM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an engine sound
processing system that processes an engine sound of a
vehicle (automobile) to reproduce the processed engine
sound in an interior of the vehicle.

[0002] Inthe related art, the quiet is required of the interior
of the vehicle. In particular, as with the engine sound, such
a design is adopted that the engine sound does not escape
into the interior of the vehicle to the utmost, by interposing
the thick noise insulation material between the engine room
and the interior of the vehicle, or the like.

[0003] However, it is impossible to say that the interior
space of the vehicle in the above high quiet is always the
most comfortable driving circumstances for the passenger of
the vehicle. In other words, in some cases the driver as the
driving fan, or the like feels more comfortable in the
situation that such driver can hear the moderate engine
sound in the interior of the vehicle as the driving circum-
stances.

[0004] In order to realize the taste of such driving fan, the
systems for producing artificially the engine sound in the
quiet interior of the vehicle were proposed.

[0005] As such system, for example, there were the system
for capable of sounding the engine sound while emphasizing
a part of the frequency band by generating the sinusoidal or
pulse sound, which agrees with the number of revolution of
the engine (which synchronizes with the engine sound), to
emit into the interior of the vehicle and then adding such
sinusoidal or pulse sound to the engine sound that actually
escapes into the interior of the vehicle (e.g., see Patent
Literature 1, Patent Literature 2), the system for sounding a
desired engine sound in the interior of the vehicle by
recording a desired engine sound previously and then repro-
ducing this recorded engine sound in response to the number
of revolution of the engine (e.g., see Patent Literature 3), and
others.

[0006] Patent Literature 1: JP-A-5-80790
[0007] Patent Literature 2: JP-A-2000-172281
[0008] Patent Literature 3: JP-A-7-302093

[0009] However, the systems set forth in Patent Literatures
1, 2, 3 also generates another sound that is different from the
actual engine sound of the vehicle. Therefore, even if the
driving conditions are sensed by using other types of sen-
sors, the sound on which the actual engine sound is reflected
exactly in response to the driving conditions cannot be
always produced.

SUMMARY OF THE INVENTION

[0010] Tt is an object of the present invention to provide an
engine sound processing system capable of generating an
engine sound, which is processed with sterling reality, in an
interior of a vehicle by collecting the actual engine sound
and processing/ outputting the engine sound.

[0011] In order to solve the aforesaid object, the invention
is characterized by having the following arrangement.
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[0012] (1) An engine sound processing system compris-
ing:

[0013] a plurality of microphones that are provided
outside an interior of a vehicle and collect an engine
sound of a vehicle;

[0014] a sensor that senses driving condition of the
vehicle;

[0015] a signal processing portion that processes the
engine sound collected by the plurality of micro-
phones and outputs processed signal; and

[0016] a control portion that controls the signal pro-
cessing portion based on contents sensed by the
plurality of sensors.

[0017] (2) The engine sound processing system according
to (1), wherein the signal processing portion includes a
sound insulating characteristic filter which simulates a sound
insulating characteristic of a wall of the interior and an
active filter characteristic of which is varied according to the
driving condition.

[0018] (3) The engine sound processing system according
to (1) further comprising a mixer that mixes engine sounds
collected respectively by the plurality of microphones, and
outputs it to the signal processing portion.

[0019] (4) The engine sound processing system according
to (1), wherein the signal processing portion separately
processes the engine sounds collected by the plurality of
microphones.

[0020] (5) The engine sound processing system according
to (1), wherein the plurality of sensors include at least one
of a sensor for sensing an engine revolution, a sensor for
sensing an accelerator opening angle, and a sensor for
sensing a speed of the vehicle.

[0021] (6) The engine sound processing system according
to (1), wherein the plurality of microphones are provided at
at least one of an intake port, an exhaust port and a wall of
an engine room.

[0022] (7) The engine sound processing system according
to (1), wherein the microphones comprises a sound micro-
phone or a vibration sensor.

[0023] In the present invention, the audio circuit for out-
putting the engine sound processed by the signal processing
portion into the interior of the vehicle via the speaker may
be provided in the engine sound processing system, other-
wise the processed engine sound may be output via the
existing vehicle audio device such as the vehicle stereo, or
the like connected to the engine sound processing system.

[0024] Inthe present invention, the actual engine sound on
which the driving conditions at that time are reflected
exactly is collected, and then such engine sound is processed
to emphasize further the driving conditions at that time. As
a result, the actual engine sound that is emphasized further
in response to the driving conditions at that time can be
output into the interior of the vehicle, and also the interior
space of the vehicle in which the driving fan feels comfort-
able can be produced.

[0025] As described above, according to the present
invention, the actual engine sound is collected by a micro-
phone installed outside the interior of the vehicle, and the
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engine sound capable of emphasizing the driving conditions
by processing the actual engine sound can be output into the
interior of the vehicle. Therefore, the realistic engine sound
effect can be produced by the easy process, and also the
interior space of the vehicle in which the driving fan feels
comfortable can be produced.

[0026] Further, the engine sounds corrected by each
microphone can be processed individually, effect of the
engine sound can be changed to create comfortable vehicle
interior space in response to preference of the driving fun.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a block diagram of an engine sound
processing system as an embodiment of the present inven-
tion.

[0028] FIG. 2 is a view explaining fitted positions of
microphones and speakers in the engine sound processing
system.

[0029] FIG. 3 is a view explaining a control system of the
engine sound processing system.

[0030] FIGS. 4A to 4D are views explaining filter char-
acteristics in the engine sound processing system.

[0031] FIGS. 5A to 5D are views explaining another filter
characteristics in the engine sound processing system.

[0032] FIG. 6 is a block diagram of the engine sound
processing system provided with a plurality of microphones.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0033] An engine sound processing system as an embodi-
ment of the present invention will be described with refer-
ence to the drawings hereinafter. FIG. 1 is a block diagram
of the same engine sound processing system. FIG. 2 is a
view explaining mounted positions of microphones and
speakers in the engine sound processing system.

[0034] As shown in FIG. 2, an engine sound processing
system 1 includes two microphones 10, 20, which are
provided to an intake port of an engine and a wall surface of
an engine room on the vehicle interior side respectively. This
is because mainly an intake noise and an operating (explo-
sion) noise of the engine are heard in the interior of the
vehicle as the engine sound and because an exhaust noise
does not so contribute to the engine sound in the interior of
the vehicle. However, the number and installed positions of
the microphones are not limited to this embodiment. For
example, the microphone may be arranged at the vicinity of
a muffler to collect the exhaust gas, or may be arranged at
the vicinity of an engine head to collect mechanical sound of
a chain, for example.

[0035] Incidentally, since the microphones arranged at the
respective positions can collect the different sounds depend-
ing on each arranged position, the system may be structured
so that plural microphones are arranged at the respective
arranged position and the collected sounds are mixed. For
example, the microphone arranged at a wall surface of an
engine room at the interior side can collect an operating
sounds of difference portions of the engine depending on the
arranged position. Therefore, the microphones may arranged
at the wall surface of the engine room at the interior side and
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the sounds collected by the respective microphone are
mixed. A mixing ratio is adjusted on the basis of the
necessary sound quality and the engine operating noise is
collected.

[0036] The microphone is not limited to a sound micro-
phone. For example, a vibration sensor capable of picking
up a vibration of audio frequency band can be employed, for
example. by arranging the vibration sensor on the engine,
the vibration of the audio frequency band of the engine can
be directly collected, that is, the vibration of the engine
before it is transformed into sound can be collected. Namely,
the vibration sensor does not detect a vibration pulse of the
engine but picks up a signal as a sound source of the engine.
By arranging the vibration sensor at the intake port, the
sound such as wind noise which is not related to the engine
revolutions is not collected and only the intake sound can be
collected. On the other hand, a sound microphone is
arranged at the vicinity of the mounting portion of the
muffler and an exhaust sound having a frequency peak
corresponding to the engine revolution degree. Accordingly,
the sound microphone and the vibration microphone can be
arranged according to the arranged position.

[0037] Four speakers 41, i.e., front left and right speakers
and rear left and right speakers, are provided in the interior
of the vehicle. These speakers 41 are used commonly in the
audio device, and are not originally designed for the engine
sound processing system. In other words, in this engine
sound processing system, the engine sound is collected and
processed, then the audio signal is input into a vehicle audio
device 5, and then the engine sound is output into the interior
of the vehicle via the vehicle audio device 5.

[0038] In FIG. 1, the microphone 10 and the microphone
20 are connected to an amplifier 11 and an amplifier 21
respectively. The amplifier 11 and the amplifier 21 amplify
the sound signals (intake noise, engine sound) input from the
microphone 10 and the microphone 20, respectively. The
amplified sound signals are converted into digital signals by
A/D converters 12, 22, respectively. Unnecessary frequency
bands which substantially does not include the intake sound
and the engine explosion sound are cut away from the digital
sound signals by filters 13, 23. When a signal level is too
large, the sound signals are attenuated by these filters.
Therefore, the filters 13, 23 may be constituted by a com-
bination of a low-pass filter, a high-pass filter, an attenuator,
etc. respectively.

[0039] The signals, a frequency band and a signal level of
which are limited by the filter 13 and the filter 23 respec-
tively, are input into a signal processing portion 2. The signal
processing portion 2 applies two-step filtering process to
both the intake noise collected via the microphone 10 and
the engine sound on the wall surface of the engine room
collected via the microphone 20 in separate systems respec-
tively. In this case, this filtering process may be executed in
one system after both signals are mixed.

[0040] In the signal processing portion 2, a filter 14 and a
filter 24 are filters that simulate the noise insulating char-
acteristic of the wall surface of the interior of the vehicle. In
other words, since the microphone 10 and the microphone
20 collect directly the sound in the engine room, the sound
signal contains the mechanical noise in a high frequency
range at a high level and thus is widely different from the
engine sound that is heard in the interior of the vehicle by the
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passenger such as the driver, or the like. Therefore, in order
to put this sound signal close to the quality of sound
(frequency distribution) similar to the engine sound that is
heard in the interior of the vehicle, the sound signal is
processed into the sound, in which the high tone range is cut
and the low tone range is left, by simulating the noise
insulating characteristic of the wall surface of the interior of
the vehicle by the filters 14, 24. This noise insulating
characteristic may not be always detected by simulating the
noise insulating characteristic of the vehicle into which this
system is installed, and may be detected by simulating the
noise insulating characteristic of the sports car or the high-
class automobile.

[0041] In this case, the filter characteristic (noise insulat-
ing characteristic) of the filter 14 and the filter 24 maybe
fixed, but their settings may be varied to change the sound-
ing way of the engine sound.

[0042] Filter 15 and filter 25 of subsequent-stage are
active filters the characteristics of which are changed in
response to the driving conditions, and process the engine
sound (the intake noise and the engine explosion sound
collected by the microphone 10 and the microphone 20) in
response to the driving conditions. Therefore, the filters 15,
25 are constituted by the active filter whose characteristic is
changed in real time in response to the driving conditions.
The change in the filter characteristic will be described later.

[0043] The intake noise and the engine explosion sound
output from two-stage filter 14-filter 15 and a filter 24—a
filter 25 are mixed into a sound signal in one system by a
mixer 16, then is converted into analog audio signal by the
D/A converter 17, and then is output to the audio device 5.
The sound signal of this 1 system includes stereo outputs
(L/R).

[0044] As the sensor for sensing the driving conditions, an
engine revolution sensor 30 for sensing an engine revolu-
tion, an accelerator opening angle sensor 31 for sensing an
opening angle of an accelerator, and a speed sensor 32 for
sensing a speed of the vehicle are provided. Sensed values
of respective sensors are input into a control portion 3 via an
interface 33. An A/D converter is built in the interface 33 as
the case may be. When the engine revolution sensor 30 and
the speed sensor 32 are constituted by an encoder that
outputs pulses in response to the revolution of the engine or
the revolution of the axle, the control portion 3 may calcu-
late the number of revolution of the engine and the speed
based on an integrated value of the pulses or a pulse interval.

[0045] The control portion 3 determines parameters that
define filter characteristics of the filter 15 and the filter 25
and a mixing ratio thereof according to the output of the
sensors. The control portion 3 outputs the determined
parameters and mixing ratio to the signal processing portion
2 to control the filter 15, the filter 25 and the mixer 16.

[0046] An operating portion 4 is connected to the control
portion 3. This operating portion 4 maybe shared with the
vehicle audio device 5, or the signal may be input from the
operation portion of the audio device. The user (driver) sets
control characteristics of the filters 15, 25 and the mixer 16
by operating the operating portion 4 in response to the
driving conditions (outputs from the sensors 30, 31, 32). The
user (driver) sets the filter characteristic (noise insulating
characteristic) of the filters 14, 24 by operating the operating
portion 4.
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[0047] That is, a control system of the engine sound
processing system is illustrated as shown in FIG. 3. The
control characteristics of the filter 14, the filter 24, the filter
15, the filter 25 and the mixer 16 are set by the setting on the
operating portion 4. Out of them, the filters 15 and the filer
25 and the mixer 16 are formed of the active filter respec-
tively and their characteristics are controlled in real time in
response to the outputs of the sensors 30, 31, 32.

[0048] In sctting the filter characteristics and the mixing
rate by the operating portion 4, one or plural parameters may
be set in respective filters by the manual operation, or one or
plural parameter sets are stored previously in the control
portion 3 and then any of the parameter sets may be selected
and set. In case a plurality of parameter sets are prepared, a
parameter set to give the engine sound effect like a sports
vehicle, a parameter set to give the engine sound effect like
a cruising of a high-class motorcar, etc. are prepared previ-
ously and then the mode may be switched to a sports vehicle
mode, a cruising mode, etc. In this case, of course it is
possible that the engine sound effect should not be produced
by turning OFF the function of the engine sound processing
system.

[0049] The system may be provided with a connector for
a flash memory and/or ROM pack, and a parameter set may
be supplied from the flash memory and/or ROM pack. The
parameter set may be supplied through a hard disc of a
vehicle navigation system. The parameter set may be down-
loaded through an Internet. The system may be provided
with a connector such as a LAN connector and structured so
that the parameter set is supplied or an user can manually set
the parameter through a computer (notebook-sized personal
computer) connected to the system via the connector.

[0050] The arranged position of the microphones and the
number of the microphones are not limited to the above
embodiment. FIG. 6 shows a block diagram showing an
engine sound processing system that is an example in which
a plurality of microphones (for example, 4) are further
provided. Since this example includes elements which are
common to the above engine sound processing system, its
description is omitted and the same reference numbers are
assigned to the common elements. The engine sound pro-
cessing system 100 are provided with a microphone 50 and
a microphone 60. The microphone 50 is arranged at the
exhaust portion (vicinity of the muffler) of the engine and the
microphone 60 is arranged is arranged at the engine head.
The microphone 50 arranged at the exhaust port collect an
engine exhaust sound. The microphone 60 arranged at the
engine head collects the mechanical sound of the engine
head. The microphone 50 and the microphone 60 are con-
nected to the amplifier 51 and the amplifier 61, respectively.
The amplifier 51 and the amplifier 61 amplify the sound
signals (exhaust sound and mechanical sound) inputted from
the microphone 51 and the microphone 61. The amplified
sound signals are converted into the digital signals by an
A/D converter 52 and an A/D converter 63, respectively. A
filter 53 and a filter 63 cut an unnecessary frequency band of
the sound signal converted into the digital signals.

[0051] The signals, frequency band and signal level of
which are restricted by the filter 53 and the filter 63 are input
to a mixer 70. The signals (intake sound and engine explo-
sion sound), frequency band and signal level of which are
restricted by the filter 13 and the filter 23 is output to an
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mixer 70 in the same manner. The mixer 70 outputs mixes
the four signals and outputs to the signal processing portion
2 in two systems. The mixing ratio is controlled by the
control portion 3. The signal processing portion 2 performs
filtering process. The four signals may be output to the filter
14 and the filter 24 with a predetermined mixing ratio, and
alternatively may be set by the user manually. For example,
only a sound signal of the exhaust signal is input to the filter
14 and the other sound signals are input to the filter 24. The
filter 14 and the filter 15 performs the filtering process only
on the sound signal of the exhaust sound, and the filter 24
and the filter 25 performs the filtering process on the other
signals. Therefore, the exhaust sound can be more empha-
sized than other sounds. As described above, the user can
select the sound that the user wants to emphasize by chang-
ing mixing ration according to the user’s preference.

[0052] Incidentally, the system may be structured so that
filters are in response to a number of installed microphones
and the filtering process is performed by each sound system.

[0053] Next,an example of the characteristic control of the
filter 15 and the filter 25 will be explained with reference to
FIGS. 4A to 4D hereunder. The horizontal axis of the graphs
shown in FIGS. 4A to 4C represents a frequency of the filter
and the vertical axis represents a frequency gain of the filter.
The frequency gain of the filter shown in the figures has the
following characteristics.

[0054] FIG. 4A shows filter control characteristics of the
intake noise and the wall surface noise based on the engine
revolution, and both filter characteristics are controlled
based on two rules

[0055] (a) the low tone is emphasized and the high
tone is suppressed when the engine revolution is low,
and

[0056] (b) the low tone is suppressed and the high
tone is emphasized when the engine revolution is
high.

[0057] FIG. 4B shows the filter control characteristic of
the intake noise based on the accelerator opening angle, and
the filter characteristic is controlled based on two rules

[0058] (c) the low tone range of the intake noise is
suppressed when the accelerator opening angle is
small, and

[0059] (d) the low tone range of the intake noise is
emphasized when the accelerator opening angle is
large.

[0060] FIG. 4C shows the control characteristic of the
entire volume based on the speed, and the entire volume is
controlled based on two rules

[0061] (e) the entire volume is decreased when the
speed is low, and

[0062] (f) the entire volume is increased when the
speed is high.

[0063] The horizontal axis of the graph shown in FIG. 4D
represents an accelerator opening angle value and an engine
revolution and the vertical axis represents a mixing weight.
FIG. 4D shows a mixing weight control characteristic of the
intake noise and the wall surface noise based on the accel-
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erator opening angle and the engine revolution, and the
mixing weight is controlled based on two rules

[0064] (g) the mixing weight of the intake noise is
increased when the accelerator opening angle is
large, and

[0065] (h) the mixing weight of the wall surface noise
is increased when the engine revolution is high.

[0066] In this case, the mixing rate is decided by a rate of
the mixing weights of the mixing weight of the intake noise
and the mixing weight of the wall surface noise. The above
rules are decided based on the effect that “The low tone is
emphasized to produce the engine atmosphere of the large
engine capacity when the engine revolution is low, while the
high tone is emphasized to emphasize the high-speed revo-
lution of the engine when the engine revolution is high.
Since the load is applied to the engine when the accelerator
opening angle is large, not only the intake noise is increased
but also the mixing rate of the intake noise is increased.
Since the noises such as the wind noise, the tire noise, etc.
except the engine sound are increased when the speed is
high, the entire volume are increased.”, and this rule is
applied to the sports car mode. The sports car mode employs
the rule for emphasizing the driving conditions at the time in
addition to the actual engine sound.

[0067] Another example of the characteristics control of
the filter 15 and filter 26 will be described FIGS. 5A to 5D
with reference to FIGS. 5A to 5D.

[0068] FIG. 5A shows the filter control characteristics of
the intake sound and the engine explosion sound according
in response to the engine revolution, and the characteristics
are controlled based on the following rule:

[0069] (a) the low tone is suppressed and the high
tone is emphasized when the engine revolution is
low, and

[0070] (b) the low tone and the high tone are empha-
sized when the engine revolution is high.

[0071] FIG. 5B shows the filter control characteristics of
the intake sound in response to the accelerator opening
angle, and the characteristic are controlled based on the
following rule:

[0072] (c) the entire range of the intake noise is not
emphasize and suppressed when the accelerator
opening angle is small, and

[0073] (d) the low tone range of the intake noise is
suppressed when the accelerator opening angle is
large.

[0074] FIG. 5C shows the control characteristics of the
entire volume based on the vehicle speed, and the charac-
teristics are controlled based on the following rules:

[0075] (e) the entire volume is decreased when the
speed is low, and

[0076] (f) the entire volume is increased when the
speed is high.

[0077] FIG. 5D shows a mixing weight control charac-
teristic of the intake noise and the wall surface noise based
on the accelerator opening angle and the engine revolution,
and the mixing weight is controlled based on two rules
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[0078] (g) the mixing weight of the intake noise is
sustained when the accelerator opening angle is
large, and

[0079] (h) the mixing weight of the engine explosion
weight is sustained irrespective of the engine revo-
lution.

[0080] The above rule is decided based on the effect that
“when the engine revolution is low, the low tone is sup-
pressed in order to emphasize a silent characteristic, and
when the engine revolution is high, the low tone is empha-
size into order to emphasize that a calm atmosphere that the
high-class motorcar having large displacement engine have.
When the accelerator opening angle is large, although a large
load is normally applied to the engine and the intake sound
is large, the low tone of the intake sound is suppressed in
order to emphasize the silent characteristic. When the
vehicle speed is high, although the entire volume and the
engine explosion sound are large since the noise such as
wind sound and the tire noise except the engine noise
become large, the volume is increased by a small amount in
view of importance of a silent characteristics. The mixing
weight of the engine explosion sound and the intake sound
are not changed depending on the engine revolution and the
accelerator opening angle.”. This rule is applied to the
cruising mode. The cruising mode employs this rule in order
to provide a calm atmosphere to the user without empha-
sizing the engine sound as compared with the driving
condition at that time.

[0081] In this case, center frequencies in the low tone
range and the high tone range may be decided based on the
frequency distribution of the engine sound. Normally the
center frequency in the low tone range may be set to almost
500 Hz, and the center frequency in the high tone range may
be set to almost 1000 Hz.

[0082] The control rules of the filter characteristics are not
limited to the above rules.

[0083] In order to compose the filter characteristics on
which the above rules are reflected exactly, for example, the
filter characteristic curve may be derived by forming the
function using respective sensor outputs as a variable and
then inputting the sensor output into the function, or the filter
characteristic curve may be derived by the fuzzy inference.
The concerned filter characteristic may be read by formu-
lating previously a table to decide the filter characteristic
every predetermined steps of respective sensor outputs and
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then searching the table based on the sensor outputs. In any
case, suppose that the information used to derive the filter
characteristic based on the sensor outputs are contained in
the above parameter sets that are set by the user.

What is claimed is:
1. An engine sound processing system comprising:

a plurality of microphones that are provided outside an
interior of a vehicle and collect an engine sound of a
vehicle;

a sensor that senses driving condition of the vehicle;

a signal processing portion that processes the engine
sound collected by the plurality of microphones and
outputs processed signal; and

a control portion that controls the signal processing por-
tion based on contents sensed by the plurality of
Sensors.

2. The engine sound processing system according to claim

1, wherein the signal processing portion includes a sound
insulating characteristic filter which simulates a sound insu-
lating characteristic of a wall of the interior and an active
filter characteristic of which is varied according to the
driving condition.

3. The engine sound processing system according to claim

1 further comprising a mixer that mixes engine sounds
collected respectively by the plurality of microphones, and
outputs it to the signal processing portion.

4. The engine sound processing system according to claim

1, wherein the signal processing portion separately pro-
cesses the engine sounds collected by the plurality of
microphones.

5. The engine sound processing system according to claim

1, wherein the plurality of sensors include at least one of a
sensor for sensing an engine revolution, a sensor for sensing
an accelerator opening angle, and a sensor for sensing a
speed of the vehicle.

6. The engine sound processing system according to claim

1, wherein the plurality of microphones are provided at at
least one of an intake port, an exhaust port and a wall of an
engine room.

7. The engine sound processing system according to claim

1, wherein the microphones comprises a sound microphone
or a vibration sensor.



